Objectives This paper examines the impact of obesity on labour market participation among Canadian women by using various Canadian population health surveys. Methods We estimate the impact of obesity on labour market participation using probit and bivariate probit regression models. To correct for a potential endogenous relationship between obesity and labour market participation, we also use instrumental variables in the bivariate probit regression context. Results The results suggest that the probability of employment has negative association with the body weight of women. This effect is statistically significant and has substantial impact on employment. The results show that obesity decreases employment probability by about 25 percentage points for women. Conclusion In addition to well-known negative health consequences, obesity also has additional negative effect on employment. This negative impact on employment is comparable to the impacts of mental health or illicit drug use on employment. Public health policies aimed at reducing obesity would generate additional benefits to society. Our results also provide additional evidence for lawmakers to amend the labour laws in Canada in order to acknowledge and prohibit hiring practices that discriminate against individuals with high body weight.
Introduction
Obesity is an important public health issue that affects several countries around the world. As it is consistently shown in the literature, it is a major risk factor for a number of chronic diseases (World Health Organization 2017) . In addition to the literature examining its negative health effects (World Health Organization 2017) , there is also a growing literature investigating the association between bodyweight and its labour market consequences (Cawley 2004; Morris 2006 Morris , 2007 . This literature suggests that obese individuals may face discrimination in the workplace that can take place in every stage from selection to placement, compensation, and promotion (Hamermesh and Biddle 1994; Brunello and D'Hombres 2007) . It may arise from stereotyping by employers, and/or prejudices against obese people that may create workplace discrimination from employers or even customers (Roehling 1999) . This literature also suggests that obesity could be associated with poor labour market outcomes arising from a belief that the obese individuals are less productive in workplaces (Everett 1990) .
The association between obesity and labour market outcomes in the form of wage penalties or lack of employment opportunities has been extensively studied (Averett and Korenman 1996; Baum and Ford 2004; Cawley et al. 2009; Cawley 2000a; Cawley 2004; Garcia and Quintana-Domeque 2006; Norton and Han 2008; Morris 2006 Morris , 2007 . These studies conclude that obesity decreases the probability of employment and wages for both men and women while it has a more pronounced impact for women. Within this large body of literature, a relatively small number of studies focus on the impact of obesity on employment/unemployment, with considerable variations in their methodology and data sets used. As indicated in this literature, due to reverse causality or omitted variable bias, obesity can be endogenous for labour market outcomes. However, some papers in this literature attempt to deal with endogeneity of obesity (Morris 2007; Hamermesh and Biddle 1994) , while others do not tackle this issue (Klarenbach et al. 2006; Tunceli et al. 2006) .
Our aim in this paper is to study the impact of obesity on labour market participation among women by using a panel data set from Canada. In this paper, we take the endogeneity into account and examine the differences in employment participation associated with obesity. While we cannot identify the sources or mechanisms through which discrimination may exist, our purpose is to estimate the size of employment participation differential associated with obesity. Given that there is no study within the Canadian context, our study will fill an important gap in the literature. We start with a probit regression, and then explore bivariate probit models and instrumental variable (IV) estimations in bivariate probit context in order to correct for potential endogenous relationship between obesity and labour market participation.
Methods

Data source
As a primary data set, we use the Canadian National Population Health Survey (NPHS). The NPHS is a biennial panel survey started in 1994. It is representative of the Canadian population, designed to measure health determinants and health status of Canadians. It also includes labour market outcomes, socio-economic and demographic characteristics of the participants, and the postal codes of their residences (Statistics Canada 2017) .
In addition to the NPHS, we use additional data sets. For local labour market conditions and socio-economic characteristics, we use the 2006 Canadian Census. To deal with any endogeneity of obesity remaining after we exploit the panel structure of the data, we use IVs. To create the IVs, we use the Canadian Community Health Survey (CCHS) Cycle 3.1 and the Desktop Mapping Technologies Inc. (DMTI) Spatial Enhanced Points of Interest (EPOI) database. The details about the IVs are discussed in the section BInstrumental variables.T he CCHS 3.1 is a cross-sectional health survey conducted in 2005. It includes geographical identifiers and a wide range of variables measuring health behaviour and health status of Canadians. The CCHS is used to create region-specific prevalence of obesity.
The DMTI provides a national database of over 1.6 million Canadian business and recreational points of interest. It assigns highly accurate latitude and longitude coordinates and has detailed standard industrial classification (SIC) codes for each business and recreational point of interest. Using detailed SIC codes, the EPOI file explicitly classifies the physical exercise and fitness facilities, membership sports and recreation clubs, and golf courses. This data set is available for all provinces. We use 2006 data from the DMTI and create a variable measuring the distance to the closest physical fitness and exercise facility.
Study sample
In the regression analysis discussed in the section BInstrumental variables,^we use data from three cycles (cycles 6-8) of the NPHS collected in 2004/2005, 2006/2007, and 2008/2009 . We restrict the sample to the individuals aged 20-59 (inclusive) in cycle 8 who have responded to the survey for three cycles and live in a Census Metropolitan Area (CMA) or a tracted Census Agglomeration Area (CA). We drop observations with missing values for body mass index (BMI) and employment status. Pregnant women are also excluded from the sample because of the effect of pregnancy on individuals' weight. Table 1 presents definitions, means (or share), and standard deviations for all the variables used in the regression analyses. We use employment status to measure individuals' labour force participation. This measure is a dummy variable indicating whether the respondent worked at a job or business at least an average of 10 h a week. We also use 20 h as an alternative cutoff point to check the sensitivity of the results to our definition of employment.
Dependent and independent variables
BMI, body weight in kilogram (kg) divided by the height in metres squared (m 2 ), is used as a measure for obesity. Following the obesity literature, a dummy variable indicating individuals with BMI greater than 30 is used as a variable for obesity.
Socio-economic and demographic characteristics affect individuals' participation in the labour market as well as their body weight. In order to control for potential omitted variable bias from these sources, we include rich sets of explanatory variables in the estimations. These are income, education, household composition, and other demographic characteristics such as marital status and age. It is also likely that differences in ethnic and racial background may influence obesity as well as the labour market outcomes. To account for these factors, immigrant and minority status are also included in the regressions. Since any differences in health status may also affect the labour market outcomes, we include variables for self-reported health status and chronic conditions to deal with this issue. We also include area-specific factors (population size, education and unemployment rate, percent of occupied private dwellings) which measure local labour market conditions and other socio-economic characteristics affecting participation decision and body weight.
Instrumental variables
As described in the next section, instrumental variables have been used within the context of bivariate probit model when there is any endogeneity problem. A valid IV has to have a strong correlation with individual-level obesity and not to be correlated with error terms in the bivariate model. If the IVs are weakly correlated with obesity, then even a weak correlation between the IVs and the errors can lead to a large inconsistency in the IV estimates (Bound et al. 1995) . Earlier studies have identified several IVs for obesity. For instance, area-level average BMI and prevalence of obesity have been used as IVs in papers by Morris (Morris 2006 (Morris , 2007 . Consistent with these studies, we use the prevalence of obesity as one of the IVs that is computed from the CCHS 3.1 by census subdivision in which the individuals live.
In addition, we also use the distance to the closest physical fitness, sports, and exercise facilities. We compute the distance to the facilities using geographical coordinates for facilities and the postal codes of the individuals' residences. Although the DMTI database provides precise geographical coordinates for facilities, the geographical coordinates for individuals' place of residence have not been provided in the NPHS. However, we can obtain the geographical coordinates for individuals using individuals' six-character postal codes and the Postal Code Conversion File (PCCF) that provides a linkage between the postal codes and latitude and longitude coordinates representing an approximate point location for the corresponding postal code. The PCCF provides precise geographical coordinates for postal codes in urban areas, but they are not precise in other types of regions. For instance, civic addresses are not available for some postal codes such as those associated with rural routes. Many of these postal codes tend to overlap several dissemination areas and often cross boundaries of standard geographic areas such as census tracts or census subdivisions. In order to overcome this issue, as indicated in the section BStudy sample,^we restrict the sample to individuals who live in the CMAs and the CAs.
We use social interaction literature to determine the IVs mentioned above. This literature suggests that the presence of social interactions will induce a tendency for conformity in behaviour (Manski 2000; Brock and Durlauf 2001) . As suggested by Bernheim (1994) , due to potentially strong consumption complementarities, individuals conform to follow similar behaviour even though they may have heterogeneous preferences. Social interaction also plays a role in defining individuals' preferences related to health behaviours such as healthy eating and exercising. There is considerable evidence in the literature that individual body weight is influenced by health behaviours of the local population (Christakis and Fawler 2007) . Hence, we expect that the proximity to the physical activity facilities and prevalence of obesity are correlated with the individual obesity, and not necessarily correlated with labour force participation decisions. These assumptions are tested in the Results section.
Bivariate probit regression analyses
There are various sources for obesity to be endogenous for labour market outcomes. One of the sources can be due to reverse causality or simultaneity bias. As obesity affects labour market outcomes, it is likely that labour market outcomes such as unemployment may affect obesity since unemployed individuals are more likely to consume inexpensive food such as processed meat, fries, snacks, and sweets. Inexpensive foods are high in refined grains, added sugars, and added fats compared to healthy alternatives (Drewnowski and BarrattFornell 2004) . As a result, longer unemployment may lead to higher body weight. Owing to the potential impact of unemployment on obesity, obesity coefficient of employment/ unemployment regressions will be biased in an empirical model in which simultaneity bias has not been corrected. Another source of endogeneity is the omitted variable bias in the labour participation equation. Even after dealing with the simultaneity bias, one can still expect that obesity may remain endogenous due to omitted variables.
As a solution to the simultaneity bias, we exploit the panel structure of the data by measuring labour market outcome, obesity, and other independent variables, including health status in different cycles of the panel survey. By following this approach used in an earlier paper (Sari 2014) , we use data from the last three cycles of the NPHS and measure all control variables at cycle 6 (2004), obesity at cycle 7 (2006), and labour market outcome at cycle 8 (2008). We also condition the regressions to the baseline employment status.
In order to control for potential bias originating from omitted variables, we include rich sets of covariates in the model. This approach would provide a solution to the endogeneity issue if there are no unobserved factors affecting obesity and labour market participation decision. However, this assumption is very strong given that social and physical environments are important factors influencing health, education, and labour market outcomes (WHO Commission on Social Determinants of Health n.d). Even after including a set of covariates, it is likely to have additional unobserved social and physical determinants of health affecting both labour market and health outcomes of individuals. In addition to these factors, earlier studies also point out the possibility of additional unobserved factors, such as time preferences, that may affect both obesity and labour market participation decisions of the individuals (Morris 2007; Norton and Han 2008; Brown et al. 2005; Cawley 2000b ).
Due to potentially joint unobservable factors as described above, we estimate obesity and labour market participation equations jointly. Following the earlier literature, the impact of obesity on labour market participation is estimated using a bivariate regression model as defined below:
where subscript C stands for the NPHS cycle 8. In the model above, L i stands for labour market participation of individual i. O i is a dummy variable for obese individuals, and the matrix X i includes socio-economic and demographic factors and health measures, as well as baseline labour market participation. It is also likely that the socio-economic environment in which individuals live influences their lifestyle and labour market participation decisions. Therefore, we also include local labour market outcomes, education level, and other population characteristics using the 2006 Canadian Census.
In this bivariate model, the error terms, ε 1i and ε 2i , are assumed to have a bivariate normal distribution with a covariance of Cov(ε 1i , ε 2i ) = ρ. The covariance term captures the unobserved factors affecting both obesity and labour market outcome. If this term becomes statistically insignificant, then the model above can be estimated separately using a univariate probit model rather than a bivariate model. In other words, one can use a test of ρ = 0 as an exogeneity test for the obesity variable in labour market participation equation (Greene 2000) . However, a statistically significant covariance term implies that the obesity in the labour market participation equation is endogenous, suggesting that we need to use IVs within the context of the bivariate model defined above. The results from our estimations from each method described above are presented in the Results section.
Results
We estimate a probit model for Eq. (1), then we estimate the model in Eqs. (1) and (2) using a bivariate probit model. Based on a final sample size of 1558 individuals, we present a summary of the results from these regressions in Table 2 . The full results are presented in Appendix Tables  4 and 5 .
In Table 2 , we present the estimated coefficient and marginal effect for the obesity variable. Following Norton and Han (2008) , we create an employment variable using weekly hours of work. Models 1 and 3 present the regression results when we use 10 h/week or more as the definition of employment. Alternatively, we also use 20 h/week or more as a benchmark, and present the results in models 2 and 4. Table 2 shows that as probit regression indicates positive and significant coefficients, the bivariate probit results indicate negative and statistically significant results. These results, therefore, indicate that the choice of the empirical strategy is important. We use a Wald test to see if the participation and obesity equations need to be estimated separately (Wooldridge 2002) . The results show that the error terms are positively correlated, and the test indicates that the bivariate assumption is valid in this framework. However, the significant covariance term which captures the unobserved factors affecting both obesity and labour market outcome implies that the obesity variable in the labour market participation equation is not exogenous. This suggests that an IV approach in the context of bivariate probit model needs to be used.
In order to tackle the endogeneity of the obesity variable in the bivariate model defined above, we use IVs in the context of bivariate probit regressions. Models 1a and 2a show results with one IV (proximity to physical fitness and sports facilities) while models 1b and 2b show the results when we include both IVs (proximity measure and prevalence of obesity). These results are presented in Table 3 . Table 3 shows that the error terms are positively and significantly correlated. The Wald test indicates that covariance term is significant. We introduce the two IVs mentioned above to tackle the endogeneity issue. Both instruments have expected positive signs and are jointly significant in the obesity equation. The Wald test suggests that as the distance to the closest physical fitness and sports facilities increases, individuals are more likely to be obese.
The second condition for the validity of IVs is that they should have no direct impacts on labour market participation other than their impact through obesity. To verify this, we perform an overidentification test to show that the IVs are validly excluded from the labour market participation equation. Following Guilkey and Lance (2014), we perform a likelihood ratio (LR) test of a null hypothesis that the coefficients for IVs are jointly zero in the labour market participation equation. The Chi-square value for the LR test is 0.04 (p value > 0.98), suggesting that the null hypothesis cannot be rejected, therefore these IVs are valid and properly excluded from the labour market participation equation.
Our results show that the effect of obesity on employment status for women is negative and statistically significant in all models. When we introduce the IVapproach in bivariate probit models, the marginal effects have changed by about 3 percentage points compared to the results presented in Table 2 . However, the overall conclusion is very similar. As indicated by the marginal effects in Table 3 , obese women are about 25 percentage points less likely to be employed than non-obese women. This overall conclusion aligns well with the literature.
For instance, Morris (2007) states that obese women are 21 percentage points less likely to be employed than their nonobese counterparts.
Discussion
We estimate the impact of obesity on employment probability for women in Canada. As indicated in bivariate specifications, the positive sign of the correlation coefficient between error terms in both obesity and employment participation equations ME stands for marginal effects for the obesity variables. p values are reported in parentheses. The dependent variable is a dummy variable indicating whether the individual is in paid employment. In models 1a and 1b, the dependent variable equals to 1 if the individual works an average of 10 or more hours in a week. In other models, we use 20 h/week as a benchmark. I = 0 stands for joint significance of the instruments in obesity equation ME stands for marginal effects for the obesity variables. p values are reported in parentheses. The dependent variable is a dummy variable indicating whether the individual is in paid employment. In model 1 and model 3, the dependent variable equals to 1 if the individual works an average of 10 or more hours in a week. In other models, we use 20 h/week as a benchmark suggests the existence of the unobserved factors affecting both employment probability and obesity. We dealt with the endogeneity using the IVs in the bivariate probit framework. Our IV bivariate probit models indicate a significantly negative impact of obesity on employment. This impact is not only statistically significant but also quite substantial (a decrease in employment probability by about 25 percentage points). As it is the case with any survey-based study, there are potential limitations (i.e., reporting bias, and recall errors associated with self-reported data, measurement error of BMI measure) that the readers should take into account when interpreting these results. This estimated impact reported above is comparable or even higher than the impact of, for instance, mental health or illicit drug use on labour market participation. There is a large body of literature focusing on the impact of mental health on labour market participation that indicates a detrimental effect of mental health on labour market outcomes. The size of the effect differs across studies, but as summarized by Frijters and his colleagues (Frijters et al. 2010) , it is in the range of a 14 to 26 percentage point reduction (for Latino females) in labour market participation associated with psychiatric disorder, or a 19 percentage point reduction due to depression. Our estimated negative impact of obesity on employment is also comparable to the impact of illicit drug use that suggests a 27-35 percentage point reduction in employment probability due to marijuana use, or a 32-41 percentage point reduction due to cocaine use (DeSimone 2002). These comparable estimates suggest that the negative effect of obesity on labour market participation is no different than other health priorities which have consistently received similar or higher level of attention from the policy makers and researchers. Our results, therefore, suggest that successful health policies towards reducing obesity would generate additional benefits by reducing inequities that may have resulted from discrimination based on body weight.
Our main finding presented above is in line with the evidence of labour market discrimination based on body weight shown in studies from laboratory and field settings. In this literature, studies examining the effect of body weight and other factors for discrimination suggest that discrimination in hiring based on body weight is greater than discrimination associated with race, sex, or particular disabilities (Roehling 1999) . This literature and our finding imply that, in addition to sex-based discrimination, obese women face additional bias due to their body weight; therefore, the labour market participation gap between men and women is significantly larger for obese women. Our results in this paper provide important evidence for policy makers around policy priorities to reduce inequities resulting from discrimination based on body weight.
There are rules and regulations around the world attempting to achieve equal pay between men and women (Government of Canada 2018). While necessary, those policies are insufficient in dealing with inequity as long as discrimination in hiring continues to exist. Even if these equal pay policies become successful in achieving equal wages between men and women, they will be insufficient given that the individuals facing discriminatory practices in hiring need to have better qualifications than their counterparts in order to be hired in the first place. This implies that these individuals are in fact paid less than what they should have been based on their qualifications. It is, therefore, essential to have public policies specifically focusing on rules and regulations prohibiting discrimination in the hiring process.
Despite the evidence of discrimination in workplaces, so far there are no antidiscrimination laws prohibiting discrimination based on body weight in hiring (Puhl et al. 2015) . Other than a few exceptions in local jurisdictions in the US, many countries, including Canada, have no national laws that specifically prohibit discrimination based on body weight (Puhl et al. 2015) . The Canadian Human Rights Act prohibits discrimination based on race, national or ethnic origin, colour, religion, age, sex, sexual orientation, marital status, family status, or disability, but it does not prohibit discrimination based on body weight (Government of Canada 2018). Based on results in our paper and in the related literature, and given the rising rates of obesity around the globe, antidiscrimination laws need to acknowledge and prohibit discriminatory practices against individuals with high body weight. There is already significant public support in countries, including the US and Canada, for specific labour laws prohibiting discrimination based on body weight in workplaces (Puhl et al. 2015) . It is therefore timely to amend antidiscrimination labour laws to reduce inequities resulting from this type of discrimination. 
